Purpose We aimed to evaluate the relation between visceral fat volume and fluorodeoxyglucose (FDG) uptake of the liver measured by maximum or mean standardized uptake value.
Introduction
Obesity has become a public health problem in the world. Dietary excess and obesity are associated with the accumulation of lipid into adipocytes and the expansion of the adipose tissue [1] . Excess fat of the body correlates with increased mortality and risk for disorders like diabetes, hypertension and atherosclerosis of vessels [2] [3] [4] . Distinguishing accumulation of visceral fat and subcutaneous fat has become important, which can be measured by current imaging techniques. The amount of visceral fat has been known to be more strongly associated with metabolic risk factors than is subcutaneous or total body fat [5] .
A hexokinase mediated phosphorylation takes place in 18 F-Fluorodeoxyglucose (FDG) using positron emission tomography/computed tomography (PET/CT), while few remain unphosphorylated and may be transported out of the cell [6] . The liver can be an exception to this trapping mechanism, which means hepatic tissue demonstrates an increased activity of glucose-6-phosphatase and thus actively metabolises FDG dependent on insulin levels and sensitivity [6] . Hepatic FDG uptake has been described as a reference for equivocal FDG accumulation of the abdomen in the literature [7] . However, Lin et al., have indicated that the liver cannot be used as a comparator of extrahepatic foci of FDG uptake in patients with fatty liver disease [8] . A previous study by Abele et al., demonstrated there is no association between attenuation and hepatic FDG uptake [9] . However, the correlation with visceral fat volume has not yet been determined.
Normal physiologic FDG uptake of the liver is usually heterogenous, which makes interpretation difficult for nuclear physicians. We hypothesized there may be a relationship between hepatic FDG uptake and visceral fat volume. In this study, we evaluated the correlation of hepatic FDG uptake measured by maximum or mean standardized uptake value (SUV) with visceral fat volume and attenuation.
Materials and Methods

Patients
We retrospectively analyzed 96 consecutive records of PET/CT performed for cancer screening between May 2011 and December 2011. Subjects with malignancy or known liver diseases which can affect hepatic FDG uptake (hepatitis [10] , lymphoma [11] and hepatic angiosarcoma [12] ) were excluded. Blood sampling was done to check aspartate arminotransferase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP) and lactate dehydrogenase (LDH). The height and the weight were measured, and the body mass index (BMI, kg/m 2 ) was calculated as weight in kilograms divided by the square of the height in meters. Subjects were divided into two groups according to the HU of the liver (48.65 ± 7.55 HU) compared with that of the spleen (42.98 ± 7.16 HU). The control group (20 women, 56 men) demonstrated HU of the liver equal or greater than that of the spleen (76 patients), while the fatty liver group (2 women, 18 men) showed HU of the liver less than that of the spleen (20 patients). This study was approved by the clinical research ethics committee of Pusan National University Hospital. 18 F-FDG PET/CT imaging was performed 60 min after injection of 3.7 Mbq/kg of body weight (0.1 mCi/kg) of 18 F-FDG. The SUV was calculated using the body weight. Patients were hydrated with 500 ml of water by mouth before the PET/CT imaging. At 60 min after administration of 18 F-FDG, a low-dose area from the base of the skull to the proximal thighs was performed for the purpose of attenuation correction and precise anatomical localization.
All patients were examined on a dedicated PET/CT scanner (Biograph40, SIEMENS, Knoxville, TN, USA). Emission scan time per bed position was 3 min; six bed positions were acquired. PET data were obtained using a high resolution whole body scanner with an axial field of view of 21.6 cm. The average axial resolution varied between 2.0 mm full width at half maximum (FWHM) in the center and 2.4 mm at 28 cm. The average total PET/CT examination time was 20 minutes. The CT scan was obtained with a tube voltage of 120 kVp and a tube current of 170 mAs. Attenuation correction was performed for all patients with iterative reconstruction. PET/CT images were analyzed in three different planes (transverse, coronal and sagittal). PET/CT images were interpreted visually by two nuclear physicians. In the event of disagreement, a consensus was established.
Measurement of Hepatic Parameters
A circular region of interest (ROI) (>2 cm) was placed in the right lobe of the liver, avoiding vessels, bile ducts, calcifications, and artifacts. Mean and maximum standardized uptake value (SUV mean and SUV max ), mean attenuation value by Hounsfield unit (HU mean ) of the liver were measured for each ROI.
Measurement of Visceral Fat Volume
Visceral fat tissue boundaries were defined as intra-abdominal fat bound by parietal peritoneum or transversalis fascia, excluding vertebral column and paraspinal muscles by setting the attenuation values for the volume of interest (VOI) within a range of -250 to -50 HU (window center, -150 HU). Abdominal fat compartments were manually drawn on 20 axial slices of each subject, which defined the outer border Results were considered statistically significant when a p-value was less than 0.05.
Results
Patient Characteristics
Patient characteristics are summarized in Table 1 Liver SUV mean was strongly correlated with BMI (r00.6090, p<0.0001) and visceral fat volume (r00.457, p<0.001). Liver SUV max was also strongly correlated with BMI (r00.622, p00.001) and visceral fat volume (r00.5469, p<0.001). However, there was no significant association of liver HU mean with liver SUV mean (r0-0.003, p00.979) or liver SUV max (r0-0.120, p00.244). Scatter diagrams and regression lines of each variable are presented in Fig. 2 .
Correlation Between Hepatic FDG Uptake and Liver Function Test
Among the results from the liver function tests, there were statistically significant positive correlations between AST and liver SUV mean (r00.242, p00.018), and liver SUV max (r00.249, p00.014). Also, positive correlation was found between ALT and liver SUV max (r00.211, p00.039). Table 2 summarizes correlations between FDG uptake of the liver and the liver function test. Scatter diagrams and regression lines of each variable are shown in Fig. 3 .
Discussion
The purpose of this study was to evaluate factors influencing FDG uptake of the liver in healthy subjects. In this study, there was no significant difference of liver SUV mean and liver SUV max between controls and fatty liver groups. Results of the present study are similar with those of the earlier study [9] . However, Abele et al., did not evaluate differences of AST, ALT and visceral fat volume between groups. In this study, AST of four subjects (4.17 %) and ALT of four subjects (4.17 %) showed higher values than the normal range (AST, 5-40 IU/L; ALT, 7-56 IU/L). Although most of the AST and ALT values of subjects were in normal ranges, there were significant differences between groups. In our study, the difference of liver SUV mean /spleen SUV mean between groups was not significant. However, Qazi et al., showed liver SUV max /spleen SUV max ratio of the fatty liver group was lower than that of the control [7] . SUV max is the most commonly used parameter to evaluate tumors, while SUV mean may be a more robust parameter to measure FDG uptake of a large organ like the liver [9] . In the present study, there was no significant association of liver HU mean with liver SUV mean and liver SUV max , which is similar with that of Abele et al., [9] in that hepatic steatosis does not appear to have any effect on FDG uptake of the liver.
However, correlations between BMI and liver SUV mean and between BMI and liver SUV max were statistically significant in our study. Previous study has also reported BMI was the strongest determinant of liver FDG uptake [13] . They recommended screening for the metabolic syndrome in the subject with high FDG uptake of the liver [11] .
No previous study has documented the correlation between visceral fat volume and FDG uptake of the liver. BMI and waist circumference are commonly used as surrogate measures of adiposity. We drew ROI of visceral fat area to measure the volume of each subject directly. Visceral fat accumulation has been known to play a role in steatosis and fibrosis in the pathogenesis and prognosis of nonalcoholic fatty liver disease [13] . Visceral obesity induces a chronic low-grade inflammatory state, because chemokines released by hypertrophied adipocytes induce macrophage accumulation in visceral fat tissue [14] . Infiltrated macrophages produce pro-inflammatory cytokines (tumor necrosis factor-α, interleukin-6, macrophage chemoattractant protein-1, resistin and leptin) and nitric oxide, and these inflammatory changes induce adipokines dysregulation [14, 15] . Altered long-term expression of liver metabolic enzymes may be critical in the transition to the chronic inflammatory state [16] . Fontana et al., demonstrated that visceral fat is an important source of IL-6 production in obese people [17] . IL-6 concentrations in the portal vein were much higher than in the peripheral artery blood, and there was a significant correlation between IL-6 concentrations of the portal vein which drains visceral fat and systemic C-reactive protein (CRP) concentrations [17, 18] . FDG uptake of the liver may be induced by an inflammatory state of the liver. Also, it has been known that FDG uptake in fat is very low. FDG uptake of nonfatty tissues may be influenced by the distribution and volume of fatty tissue. These may explain potential mechanisms of strongly significant correlations between liver SUV mean and visceral fat volume and between liver SUV max and visceral fat volume.
Among the liver function tests, significant correlations between AST and liver SUV mean and between liver SUV max and AST, ALT were found. Lin et al., [19] demonstrated positive correlations between AST, ALT and FDG uptake of the liver. As elevation of serum aminotransferases indicates hepatocellular injury, correlations between liver function tests and FDG uptake of the liver may reflect the inflammatory state.
The current study has several limitations. First, this is a retrospective study with a small sample size. As Korean national insurance does not cover the use of PET/CT for cancer screening, we had difficulties collecting subjects in this study. Second, because the subjects in our study performed PET/CT for cancer screening, we could not evaluate the correlation between cytokines, CRP of blood samples and FDG uptake of the liver directly. Third, as not all subjects had blood sampling for lipid profiles, we could not evaluate the relation between FDG uptake of the liver and lipid profiles.
Conclusion
FDG uptake of the liver quantified as SUV mean or SUV max is not correlated with hepatic steatosis but with visceral fat in cancer screening.
